Abstract. So far, two isoforms of the neutral Na+-K+-2CI -cotransporter have been cloned in mammals. One isoform, BSCI, mediates apical ion entry' in the renal thick ascending limb of Henle and a second, BSC2, appears to be an ubiquitously expressed Na+-K+-2C1 -cotransporter. In primary cultures of rabbit proximal tubule, porcine aortic endothelial cells, and rat vascular smooth muscle cells, expression of the second isoforrn BSC2 was demonstrated by' Northern blot analysis and bumetanide-sensitive 86Rb+ uptake studies. A surprising finding was the absence of BSC2 in fully differentiated freshly-isolated proximal tubule, porcine aortic endothelial cells, and rat vascular smooth muscle cells. Several studies have reported modulation of the cotransport activity by vasoactive substances and suggested a role for disturbed cotransport in, for example, the pathogenesis of essential hypertension. All these observations, however, were made in cultured cells which, in view of our findings, makes the physiological relevance questionable.
Introduction
In recent years Na+-K+-2C1 -cotransport has been identified in a wide variety of cells [5] , where it is either involved in transepithelial NaC1 transport or in regulation of cell volume. A defect in Na+-K+-2CI -cotransport activity was reported in erythrocytes of patients with essential hypertension [4] . Subsequent studies pointed to differences in vascular smooth muscle cells (VSMC) cotransport activity in spontaneously hypertensive rats (SHR) when compared with the normotensive Wistar Kyoto (WKY) rat [8] . Cotransport activity in VSMC was found to be under control of several vasoactive substances including angiotensin II , endothelin and ANP [9] . In endothelial 
Materials and methods
Rabbit ~,,7' cells were isolated and cultured as described previously [10] . VSMC were isolated from 6-8 weeks old male Wistar rats. Aortic sections were rapidly excised and placed in Dulbecco's modified Eagle's medium (Imperial, ttampshire, UK). These segments were cut into fine pieces (1 x 1 mm) which were frozen in liquid nitrogen and stored at -80 °C until RNA isolation~ For cell culture, tissue pieces were placed in a 5 mt tube with DME containing 1 mg/ml (40_5 U/rag) collagenase (Sigma, St. Louis, MO), 0.5 rag/rot etastase (Boehringer, Mannheim, Germany) and 0.5 mg/ml soy-bean trypsin inhibitor (Worthington Biochemical Corporation, Freehold, NJ). The tube was placed in a roll over rotor (~30 rpm) at 37 °C for ~ 1 hour. The digestion was stopped by adding 10 % (v/v) fetal calf serum (FCS) (Serva, Heidelberg, FRG). Cells were collected by centrifugation (5 rain, 200 x g). After aspiration of the digestion-medium the cells were resuspended in 2.5 ml/aorta DME +, supplemented with 10 % (v/v) FCS, 1% 100 x non-essential amino acids (Gibco, Paisley, UK) and 28 mM L-glutamine and subsequently seeded on 6-wells plates (4 aortas/plate) coated with fibronectin extracted from human plasma (0.1 ,ug/cm 2; kindly provided by the Central Laboratorium for Blood Transfusion, Amsterdam, NI,). Cells were cultured in a humidified incubator equilibrated with 5% CO2 -95% air at 37 °C. Medium was changed after 3 days, subsequently every 48 h and the day before experiments were performed. Cells were used after 7 days in culture.
Endothelial cells were isolated from the aortas of adult pigs, which were obtained from the slautherhouse. For culture the endothelial layer was removed by incubation of the cleaned aortic walt with I rag/rot collagenase 03oehringer, Mannheim, FRG) for 5 min, Subsequently, cells were collected in RPMI medium (Gibco, Paisley, UK) to which 10 % (v/v) FCS was added to inhibit enzyme digestion. Cells were spun down and resuspended in EC medium containing an 1: l mixture of RPMI and 199 medium (Flow Laboratories, Irvine, UK) supplemented with 5 % (v/v) FCS, gentamycin (10/~g/ml), endoihelial cell growth factor O0 ,ug/ml) (kindly provided by Solvay Duphar, Weesp, NL), L-glutamine (2 raM) and pyruvate (I raM). Cells were seeded on fibronectin coated (0.1 ug/em 1) culture flasks in EC medium. Passages 2 to 5 were used for experiments. For RNA isolation from freshly-isolated cells, the endothelial layer was removed with a plastic scraper (Costar, Cambridge, MA) and frozen in liquid nitrogen and stored at -80 ° C until use.
Na+-K+-2CI -cotransport activity in ceil suspensions and confluent monotayers of cultured cells was measured as the bumetanide-sensitive 86Rb+ uptake in the presence of 1 mM ouabain to inhibit the Na+,K +-ATPase as described previously [10] .
Total RNA was extracted from freshly-isolated PCT cells and from 5 day old confluent PCT monolayers as described by Chomezynski et at.
[11. Poly (A) + mRNA was extracted from VSMC and PAEC by using a Quickprep ® mRNA purification kit (Pharmacia Biotech, Milwaukee, WI). Samples were processed as described in detail by Delpire et al. [3] . For hybridization a 1200 bp (nucleotides 989-2188) PCR fragment from the 4.7 kb cDNA clone mBSC2 was used [3I.
Statistical significance was determined by one way analysis of variance (ANOVA). Data is presented as the mean _+. SE.
R e s u l t s
Uptake of 86Rb+ was determined in a suspension of freshlyisolated PCT cells at isotonicity (300 mOsm) and in the presence of 1 mM ouabain. 86Rb+ uptake was not inhibited by 10 ,uM bumetanide in freshly-isolated PCT cells. In trypsinized cultured cells, 86Rb+ uptake amounted to 5.3 + 0.4 nmol.mg protein-I.min -1 in the absence of bumetanide and was inhibited by 53% in the presence of bumetanide (Fig. 1A) . Since Na+-K+-2CI -cotransport could be silent in freshly-isolated cells under isotonic conditions, these cells were incubated in hypertonic (500 mOsm) medium. This manoeuvre did not uncover bumetanide-sensitive 86Rb uptake (Table 1 ). In addition, NaF (10 raM) or calyculin A ( 1 uM) which activate the transporter in cultured PCT cells as previously shown [10] , had no additional effect on 86Rb+ uptake in freshly-isolated PCT cells (Table 1) . Na+-K +-2C1-cotransport activity was observed in c o n f l u e n t monolayers of cultured VSMC from rat aorta in the presence of ouabain. At isotonicity ouabain-insensitive and bumetanide-sensitive 86Rb+ uptake was 3.5 + 0.4 nmol.mg protein-l.min -1 (n=7) and significantly increased at hypertonic conditions to 4.0 _+ 0.4 nmol.mg protein-l.min -1 In freshly-isolated VSMC no bumetanide-sensitive ~dRb+ uptake was measurable (Fig. 1B) . faMe l. Na+/K+/2CI -cotransport activity in freshly-isolated PCT. Na+-K+-2CI -cotransport activity was also studied in confluent monotayers of cultured PAEC. At isotonicity the ouabain-insensitive and bumetanide-sensitive 86Rb+ uptake mounted to 1.3 + 0.2 nmol.mg protein-l.min -1 (n=14)and hypertonicity stimulated cotransport activity to 3.2 -+ 0.3 nmol.mg protein-l.min -1 (n=14). As with VMSC, no bumetanide-sensitive 86Rb+ uptake was detectable in freshly-isolated aortic endothelial cells (Fig. 1C) .
For hybridization, a 32p labeled 1200 bp PCR fragment from the 4.7 kb cDNA clone mBSC2 described by Delpire et al. [3] was used. After 6 h exposure, a major transcript at 6.5 kb was detected with this probe on a Northern blot containing 10 ,ug of total RNA extracted from cultured rabbit PCT cells (Fig. 2, lane 1) . As previously shown by Delpire et al. [3] this 6.5 kb band represents an extension of the 3'-untranslated sequence of mBSC2 (4.7 kb) with an alternative polyadenylation site. In contrast, the autoradiograph showed no band in the corresponding lane on the Northern blot containing equal amounts of total RNA extracted from freshly-isolated rabbit PCT cells (Fig. 2, lane  2) . Only after a 72 h exposure a faint signal was obtained from the freshly-isolated rabbit PCT cells (data not shown).
In addition, mRNA samples (5 jug) of freshly-isolated and primary cultured VSMC were screened for the presence of the 6.5 kb transcript. Northern blot analysis revealed this transcript in primary cultures of VSMC, whereas no band in the samples obtained from freshly-isolated VSMC (Fig. 2 , [3] .
transcript in primary cultures of VSMC, whereas no band in the samples obtained from freshly-isolated VSMC (Fig. 2 , lane 3 and 4). A similar difference was observed between freshly-isolated and cultured PAEC (Fig. 2, lane 5 and 6 ).
D i s c u s s i o n
We demonstrated in three different tissues (PCT, VSMC, PAEC) that the putative mammalian Na+-K+-2CI -cotransporter BSC2 [3] is absent in differentiated cells, but that expression is induced by cell proliferation. The expression of the cotransporter determined by Northern analysis correlated with bumetanide-sensitive 86Rb+ uptake rates. Until now, Na+-K+-2C1 -cotransport activity in VSMC [8] and PAEC [161 has only been studied in cultured cells since measurements in native tissues are technically difficult [8] . However, the recent cloning of genes encoding several isoforms of Na+-K+-2C1 -cotransport provides for studying cotransport expression in the native tissue [3,5,t2] . Differences in Na+-K+-2C! -cotransport rates determined in cultured VSMC of SHR and WKY have been implicated in the pathogenesis of essential hypertension [8] . Furthermore, in cultured cells Na+-K+-2C1 -cotransport is regulated by several vasoactive substances which suggests a role in regulation of vascular tone [9] . However, our results raise the question whether Na+-K+-2C1 -cotransport in vascular smooth muscle and endothelial cells in intact blood vessels contributes significantly to Na +, K + and C1-influx in these cells. If Na+-K+-2CI -cotransport activity is linked to cell proliferation, as suggested by our observation, it might well be that differences in cotransport activity in VSMC of SHR and WKY are due to the differences in growth rates that have been reported for the two cell types [11] .
There are several studies that support a role for Na+-K +-2C1-cotransport in cell proliferation. Recently, Delpire and Gullans [2] showed that cotransport activity decreased during erythroid differentiation. A role for Na+-K+-2CI -cotransport in cell proliferation is further supported by the finding that Na+-K+-2CI -cotransport was increased in hypertrophied VSMC and that bumetanide inhibited proliferation of endothelial ceils, When the cotransporter is needed in cell volume regulation during cell growth, its increase in activity could be a consequence, rather than a cause of hypertrophy observed in S H R -d e r i v e d VMSC. Also in PCT expression of Na+-K+-2C1 -cotransport could be a consequence of the highly proliferative state of PCT cells after seeding. Inhibition of Na+-K+-2C1 -cotransport, however, does not prevent DNA synthesis. Since all of these studies have been carried out with cultured cells, it is possible that cotransport is only essential for cell proliferation and that expression of cotransport is suppressed in fully differentiated cells. Our observation of BSC2 expression in cultured cells could also hold for other transport systems like for example Na+-H + exchange. In the differentiation process of mouse e r y t h r o l e u k e m i a cells, m R N A levels of the Na+-H + exchanger (NHE-1) increased Several fold together with an increase in m R N A encoding band 3 protein [2] . In conclusion, the present study indicates that caution is needed when conclusions on regulation of Na +-K+-2CI -c~trans_port derived from cultured cells are extrapolated back to the tissue of origin, especially when the occurrence of cotransport in the fully differentiated tissue is not well established.
